PATENT SPECIFICATION (") 1 513 488 



oo 

00 
CO 



10 



15 



20 




(21) Application No. 46952/76 (22) Filed II Nov. 1976 

(44) Complete Specification published 7 June 1978 

(51) INT CL 2 C07D 257/04 

(52) Index at acceptance 

C2C 1464 215 220 226 22Y 246 250 252 25Y 28X 290 29X 29Y 
305 30Y 313 31 Y 332 338 364 365 366 367 36Y 621 623 
624 628 631 634 638 658 661 662 681 682 699 69 Y 708 
77Y BK MM ZL 



(54) METHOD OF PREPARING 2H-TETRAZOLIUM 
CHLORIDES AND 2H-TETRAZOLIUM 
CHLORIDES HYDROCHLORIDES 

(71) We, VERA MIKHAILOVNA OSTROVSKAYA of kvartira 31, korpus 2, 
Izumradnaya ulitsa 24, Moscow, OLGA TIMOFEEVNA LUSHINA of kvartira 33, 
Komsomolsky prospekt 5/2, Moscow, VLADIMIR MAXIMOVICH DZIOMKO of 
kvartira 75, korpus 1, Boitsovskaya ulitsa 21, Moscow, and JULIA ALEXANDROVNA 
DAVYDOVSKAYA of kvartira 35, korpus 1, Sevanskaya ulitsa 21, Moscow, all Union 
of Soviet Socialists Republics, all citizens of the Union of Soviet Socialist Republics, 
do hereby declare the invention, for which we pray that a patent may be granted to us, 
and the method by which it is to be r^rformed, to be particularly described in and 
by the following statement: — 

This invention relates to a method of preparing 2H-tetrazolium chlorides and 2H- 
tetrazolium chlorides hydrochlorides. 

Such 2H-tetrazolium salts are used in biochemistry and agrochemistry for study- 
ing enzymes of the oxidation-reduction metabolism, of tie dehydrogenase type, in plant 
tissues, eye lenses, cell cultures, blood cells, blood serum, tumours, bacteria, salmonellae 
causing abdominal fever and mouse typhoid; animal organs, and in soil and effluents. 
Moreover, such salts are used in germination and viability tests for the seeds of for 
example cotton, corn, and wheat, for the determination of boron hydrides in air, and 
also for histochemical studies of corn. 

The present invention provides a method of preparing 2H-tetrazolium chlorides 
and 2H-tetrazolium chlorides hydrochlorides having the general formula 



0 

CI • nHCl 



where Ri and Rj are each H, OH, NO* Q, or OCH 2 COOH, and n is from 0 to 3, 
or the 2H-tetrazohum chloride hydrochloride having the formula 

PCH 3 
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comprising oxidizing a fonnazan having the general formula 




where R x and are as specified above, or a fonnazan having the formula 




m> 2 no 2 

5 with chlorine in a medium of a polar organic solvent at a temperature from —5 to 
+20°C, chlorine being introduced into the said solvent in the gaseous state, the molar 
ratio of fonnazan to chlorine being from 1 : 1 to 1: 10 and isolating the end product 
when the oxidation process is completed. 

The method according to the invention of oxidizing formazans precludes formation 
10 of resins or decomposition of a considerable portion of the product; for example, the 
yield of 2,3,5-triphenyltetrazolium chloride is as high as 80 per cent. The time of the 
synthesis is reduced from 10 hours to 10—60 minutes by the method according to the 
invention. 

In order to obtain the end product in crystal form, a solvent miscible with water 
15 is preferably used as the polar organic solvent, and the oxidation process is carried out 
in the presence of sodium hydroxide taken in a quantity equimolar with respect to 
fonnazan. 

The starting fonnazan may be suitably 1,3,5 - triphenylformazan, 1 - (4 - nitro- 
phenyl) - 3,5 - diphenylformazan* 1 - (2 - carboxymethoxy - 4 - nitrophenyl) - 3- 

20 pfcsnyl - 5 - (2 carboxymethox^phenyl) - fonnazan, 1,2 - (diphenyl) - 5 - (4- 
chloro)phenyl - fonnazan, or the dmitrodmiemoxydiformazan of formula (IV). 

The polar organic solvent may be suitably methyl alcohol, ethyl alcohol, propyl 
alcohol, toluene, methyl acetate, or ethyl acetate. Of these, ethyl alcohol, methyl alcohol 
and ethyl acetate are the most preferred. 

25 To increase the yield of the end product to 90 per cent (the assay being not less 

than 96 per cent), absolute ethyl alcohol is preferably used as the polar organic sol- 
vent. 

In order to purify the obtained 2H-tetrazolium chloride hydrochloride from iron 
salts, and also to decrease the hydrogen chloride content of the salt, the obtained 2H- 
30 tetrazolium chloride hydrochloride may be suitably treated, at the stage of isolation, 
with aqueous ammonia to pH 8. 

The method according to the invention makes it possible to convert 2H-tetra- 
zolium chloride hydrochloride, obtained in the process of oxidation, into 2H-tefrazolium 
chloride. To this end 2H-tetrazolium chloride hydrochloride is preferably treated, at 
35 the stage of isolation, with a solution of potassium hydroxide in ethyl alcohol, the ; 
ratio of the alkali to the hydrochloride being equimolar. 

The duration of the synthesis is reduced two or three times if the oxidation pro- 
cess is effected in a reactor, provided with a diffuser and a turbine agitator, made out 
of titanium, instead of glass as is the case with laboratory equipment. 
40 The method according to the invention nay be suitably carried out as follows. 
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Equimolar quantities of sodium hydroxide and formazan are mixed in absolute 
ethyl alcohol (the weight ratio of formazan to ethyl alcohol being from 1 : 15 to 1 : 25), 
gaseous chloride being blown through the ethyl alcohol (the molar ratio of formazan to 
chlorine being from 1:2 to 1:5) at a temperature from —5 to +20°C. When the 
5 reaction mixture becomes colourless, the reaction is completed. The end product is 5 
then isolated by any suitable method, e.g. by mixing the reaction mixture with activated 
carbon, filtering, evaporating the filtrate, extracting with water, and evaporating the 
aqueous extract to crystallize the end product, 2H-tetrazolium chloride hydrochloride. 

The invention will be further described with reference to the following illustrative 
10 Examples. 10 

Example 1 

Preparation of 23>5-triphenyltetrazolium chloride hydrochloride. 
5 g (0.015 M) of 1,3,5-triphenytformazan were dissolved in 100 ml of ethyl acetate 
in a round-bottomed flask while blowing in 1 litre (0.043 M) of chlorine gas at a tem- 
15 perature of 0°C for an hour. The reaction mixture was transferred into 1 litre of 15 
absolute diethyl ether. The amorphous product was re-precipitated several times from 
ethyl alcohol with diethyl ether, and dried in a vacuum desiccator. The yield of the 
end product was 42 g (70 per cent). The assay was 96 per cent. 

Found, in per cent: C 60.20, 59.87; H 4.70, 4.45; CI 16.46, 16.70; N 14.65, 
20 14.53. C 19 H 15 N 4 CL0.75HC1-H.O. 20 
Calculated, in per cent: C 60.00, H 4.71, CI 16.30, N 14.75. 



25 



Example 2 

Preparation of 2,3,5-triphenyitetrazolium chloride hydrochloride. 
5 g (0.015 M) of 1,33-triphenylformazan were dissolved in 100 ml of absolute 
ethyl alcohol in a round-bottomed glass flask while intensely stirring the mixture. 0.96 
litres (0.043 M) of chlorine gas were passed in at a temperature of 20°C for 40 
minutes until the red colour disappeared. The obtained solution was mixed with 0.5 g 
of activated carbon, and then filtered, and the filtrate added to 1 litre of diethyl ether 
to precipitate 4.5 g of amorphous 2,3,5-triphenyltetrazolium chloride hydrochloride. 
The yield of the end product was 75 per cent ' 30 

The second half-wave potential, characterizing the reduction of the end product to 
formazan, E 1/2 was —0.7 V. 

14i3 F 3XSS.B 59875 H 4 ' 7 °' 4455 C1 16 - ?0; N M ' 65 ' 

35 Calculated, in per cent : C 60.00, H 4.71, CI 1630, N 14.75. 

At a temperature of 150 — 165°C the hydrochloride was split off, the process being 
accompanied by foaming of the powdered salt in a capillary. At a temperature of 227 — 
228 °C the powder melted with decomposition. 
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4n Example 3 

4U Preparation of 23,5-triphenyltetrazolium chloride. 40 

The 2,3,5-triphenyitetrazoUum chloride hydrochloride obtained in Example 2 was 
dissolved in ethyl alcohol and treated with a solution of potassium hydroxide in ethyl 
alcohol. The ratio of the alkali to the hydrochloride was equimolar. The solution was 
filtered, and the filtrate poured into diethyl ether. The product was separated on a 
43 filter. The obtained end product melted at 230— 231°C with decomposition. 45 
The second half-wave potential, at which the end product was reduced to 
formazan, E 1}& was —0.73 V. 

Found, in per cent: C 64.34, 64.15; H 4.44, 4.33; CI 10.00, 10.04; N 15.92. 
15.80. C 10 H 15 N 4 a H 2 O. 

50 Calculated, in per cent : C 64.40, H 4.85, CI 10.04, N 15.88. 50 

Example 4 

Preparation of 2,3,5-triphenyltetrazolium chloride trihydrochloride. 
The procedure was the same as described in Example 2, except that the quantity 
of chlorine gas used was 3.5 litres (0.15 M). The yield of the end product was 5.0 g 
55 (69 percent). 55 
Found, in per cent: CI 32.15, 31.98. C t& H ls N 4 Cl • 3HC1 
Calculated, in per cent: CI 3235 

As the product was recrystaUized from dimethyl formamide, the hydrochloride 
was split off. 
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Example S 

Preparation of 23,5-triphenyltetrazolium chloride hydrochloride. 
5 g (0.015 M) of 1,33-triphenylformazan and 0.7 g (0.015 M) of sodium hydr- 
oxide were mixed in 100 ml of absolute ethyl alcohol and 0.96 litres (0.042 M) of 
5 chlorine gas were passed in for 45 minutes at a temperature of — 5°C. Activated 5 

carbon was added, the components mixed, the mixture passed through a filter, the 
filtrate evaporated, and the residue dissolved in water, followed by treatment with 
activated carbon, filtering, and evaporation of the filtrate. The obtained crystals were 
white with a creamy tint. The yield of the end product was 4.8 g (85 per cent). 

10 Example 6 10 

Preparation of 2^,5-triphenyltetrazolium chloride hydrochloride. 
The procedure was the same as described in Example 5, except that the tempera- 
ture of the reaction was — 1°C, the time during which chlorine gas was passed was 35 
minutes, and methyl alcohol was used as the polar organic solvent The yield of the 
1 5 end product was 4.8 g (85 per cent). The assay was 92 per cent 1 5 

Example 7 

Preparation of 2,3,5-triphenyltetrazolium chloride hernihydrochloride. 
25 g (0.08 M) of 1,3,5-triphenylformazan, 550 ml of absolute ethyl alcohol, and 
3.64 g (0.086 M) of sodium hydroxide were mixed in a glass flask provided with a 

20 glass stirrer and 4.8 litres (0.21 M) of chlorine gas were passed in for 35 minutes at a 20 

temperature of — 1°C Activated carbon was added to the reaction mixture containing 
233'triphenyltetrazolium chloride hydrochloride (n=0.75), the mixture was stirred 
and filtered, the filtrate evaporated, the residue extracted with water, and the aqueous 
extract was treated with activated carbon and filtered. The filtrate was treated with 

25 aqueous ammonia to pH 8, and then treated with activated carbon and filtered, and 25 
the filtrate evaporated. The yield of the end product was 86 per cent The assay of 
2,3,5-triphenyltetrazolium chloride hernmydrochloride (n=0.5) was 9 per cent The 
crystalline product had a creamy tint 

Example 8 

30 Preparation of 23,5-triphenyltetrazolium chloride hernihydrochloride. 30 

The procedure was the same as described in Example 7, except that a reactor with . 
a diff user and a turbine agitator, made of titanium was used instead of a glass reaction 
flask and a glass stirrer. The oxidation continued for 18 minutes. The yield of the 
crystalline end product was 83 per cent The assay was 96 per cent 

35 Example 9 35 

Preparation of 2 - (2 - carboxymethoxyphenyl) - 3 - (2 - carboxymethoxy - 4- 
nitrophenyl) - 5 - phenyltetrazolium chloride hernmydrochloride. 

5 g (0.01 M) of 1 - (2 - carboxymethoxy - 4 - nitrophenyl) - 3 - phenyl - 5 - 
(2 - carboxymethoxyphenyl) - formazan and 120 ml of absolute ethyl alcohol were 
40 mixed in a glass beaker and 1.2 litres (0.05 M) of chlorine gas were passed in at a 40 
temperature of 0°£ for 20 minutes. 0.5 g of activated carbon were added to the reac- 
tion mixture, followed by mixing for 15 minutes, and filtering. The filtrate was trans- 
ferred into 4 litres of diethyl ether, and the precipitate separated, followed by re- 
precipitation from ethyl alcohol with diethyl ether. The yield of the end product was 
45 4.2 g (75 per cent). 45 
Found, in per cent: C 49.14, 48.70; H 338, 337; CI 9.98, 9,72; N 11.78, 12.0. 
C 28 H X8 N fi 0 8 a • 0.5HC1 • HA 

Calculated, in per cent: C 48.98, H 3.66, CI 9.43, N 12.41. 

Example 10 

50 Preparation of 2^-diphenyl-3-(4-nitrophenyl)-tetrazolium chloride hydrochloride. 50 

5 g (0.0145 M) of 1 - (4 - nitrophenyl) - 3,5 - diphenylformazan, 0.58 g (0.0145 
M) of sodium hydroxide, and 100 ml of absolute ethyl alcohol were mixed in a glass 
beaker and 1 litre (0.043 M) of chlorine gas was passed in at a temperature of 0°C for 
an hour. The reaction mixture containing 2^-diphenyl-3-(4-nitrophenyl)-tetrazoiium 

55 chloride hydrochloride (n=0.75) was treated with activated carbon and filtered, the 55 

filtrate evaporated, the residue extracted with 100 ml of distilled water at a tempera- 
ture of 70°C, and the aqueous extract treated with activated carbon and filtered again. 
The filtrate was treated with aqueous ammonia to pH 8, and the solution treated with 
activated carbon and filtered, and the filtrate evaporated. The crystalline precipitate 

60 was dried, and the crystals ground and re-precipitated from absolute ethyl alcohol with 60 
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diethyl ether. The yield of the crystalline end product was 4.4 g (80 per cent). The 
assay was 98 per cent. The product melted at 210— 212°C with decomposition. 

Found, in per cent: C 56.44, 55.82; H 3.88, 3.82; N 17.6, 17.64; d 11.4. 11.54. 
C 18 H M N 6 0 2 C1 • 025HC1 . 0.75H 2 O 

Calculated, in per cent: C 56.5, H 3.92, N 17.4, CI 11.03. 5 

Example 11 

Preparation of 2 - (2 - hydroxyphenyl) - 3 - (2 - carboxymethoxyphenyl) - 5- 
phenyltetrazolium chloride hydrochloride. 

5 g (0.012 M) of 1 - (2 - carboxymethoxyphenyl) - 5 - phenyl - 5 - (2 - hydroxy- 
phenyl) - formazan were mixed with 100 ml of absolute ethyl alcohol and 0.9 litres 10 
(0.04 M) of chlorine gas were passed in at a temperature of — 5°C for ten minutes 
until the red colour disappeared. 0.5 g of activated carbon were added to the reaction 
mixture which was stirred for 15 minutes. The carbon was separated by filtration, and 
2-(2-hyriroxyphenyl)-3-(2<arboxymem^ chloride hydro- 

1 5 chloride precipitated with diethyl ether. The yield was 5.4 g (96 per cent). The product 1 5 

was repredpitated from absolute ethyl alcohol with diethyl ether (1:6). The yield 
was 4 g (71 per cent). 

Found, in percent: C 54.14, 54.65; H 3.98, 3.98; N 11.15, 11.1; CI 10.2, 10.87. 
C 2l H l6 N 4 0* . 1.5HC1 • 0.5C 2 H 3 OH . H 2 0 

Calculated, in per cent: C 54.59, H 4.67. N 11.56, CI 10.98. 20 
The second half-wave potential, at which the product was reduced to formazan, 
E 1/2 was -L25 V. 
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Example 12 

Preparation of 2-(4-chloro)phenyl-3,5-diphenyltetrazolium chloride hydrochloride. 
z:> 3 g (0.01 M) of 13^diphenyl>5-(4-(±loro>phenylformazan were mixed with 60 25 

ml of absolute ethyl alcohol and 0.6 litres (0.03 M) of chlorine gas were passed in at 
a temperature of from —2 to — 0°C for ten minutes. 0.3 g of activated carbon were 
added followed by mixing for 15 minutes. The carbon was separated by filtration, and 
the product was precipitated from the filtrate with diethyl ether, followed by re- 
precipitation twice from absolute ethyl alcohol with diethyl ether. The yield of the 30 
white powdered product was 2g, which corresponded to 50%. The assay of 2-(4- 
cMoro>phenyl-3,5-diphenyltetrazoUum chloride nydrocarbon was 98 per cent 
Found, in per cent : C 54.92, H 3.80, N 1329, CI 23.70. 
lc C 19 H 14 N»C1 2 • 0.75HC1 . H 2 0. 

35 Calculated, in per cent : C 55.05, H 4.06, N 13.51, CI 23.52. 35 

Example 13 

Preparation of 2,2' - di - (4 - nitrophenyl) - 5,5' - diphenyl - 3,3' - (3,3' - di- 
methoxy - 4 - 4' - diphenyiene) - ditetrazolium chloride hydrochloride (nitrotetrazolium 
blue). 

40 The procedure was the same as described in Example 5, except that dinitro- 40 

dimethoxy diformazan in an amount of 3.7 g (0.005 M) was used as the initial 
formazan. The end product was repredpitated from ethanol by diethyl ether (1 : 10). 
The yield of the end product was 3.7 g (90%) and was in the form of slightly yellow 
crystals. 

45 Found, in per cent: N 1425, CI 14.70. C^oN^O.Cl, • 2HQ • 4H 2 0. 45 

Calculated, in per cent: N 14.55, CI 14.74. 

WHAT WE CLAIM IS : — 

1. A method of preparing 2H-tetrazolium chlorides and 2H-tetrazolium chlorides 
hydrochlorides having the general formula 



50 




CI • nHCl 
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where R a and R 2 are each H, OH, N0 2 , CI, or OCHjCOOH, and n is from 0 to 3, or 
the 2H-tetrazolium chloride hydrochloride having the formula 



QCH a 




QCHi 



a ^ 



2cP- 2HC1 



no 2 no 2 

comprising oxidizing a formazan having the general formula 




where Rj and Ra are as specified above, or a formazan having the formula 

QCH 3 pC3i 3 




NO z N0 2 



with chlorine in a medium of a polar organic solvent at a temperature from —5 to 
+20 °Q chlorine being introduced into the said solvent in the gaseous state, the molar 

10 ratio of formazan to chlorine being from 1:1 to 1 : 10, and isolating the end product 10 
when the oxidation process is completed. 

2. A method as claimed in claim 1, in which the polar organic solvent is a solvent 
miscible with water, and the oxidation process is carried out in the presence of sodium 
hydroxide taken in a quantity equimolar with respect to formazan. 

15 3. A method as claimed in claim 1 or 2, in which the formazan is 1,3,5 - tri- 15 

phenylformazan, 1 - (4 - nitrophenyl) - 3,5 - diphenylformazan, 1 - (2 - carboxy- 
methoxy - 4 - nitrophenyl) - 3 - phenyl - 5 - (2 - carboxymethoxyphenyl) - formazan, 
1 - (2 - carboxymethoxyphenyl) - 3 « phenyl - 5 - (2 - hydroxyphenyl) - formazan, 
13 - (diphenyl) - 5 - (4 - chioro) - phenyl - formazan, or the dinitrodimethoxydi- 

20 formazan of formula (TV). 20 

4. A method as claimed in any of claims 1 to 3 in which the polar organic solvent 
is ethyl alcohol, methyl alcohol, or ethyl acetate. 

5. A method as claimed in any of claims 1 to 4 in which the obtained 2H-tetra- 
zolium chloride hydrochloride is treated, at the stage of isolation, with aqueous 

25 ammonia to pH 8. 25 

6. A method as claimed in any of claims 1 to 5, in which the obtained 2H-tetra- 
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zolium chloride hydrochloride, at the stage of isolation, is converted into 2H-tetra- 
zolium chloride, by treating it with a solution of potassium hydroxide in ethyl alcohol, 

7. A method as claimed in any of claims 1 to 6, in which the oxidation process 
the ratio of the alkali to the hydrochloride being equimolar. 

5 is carried out in a reactor, provided with a diffuser and a turbine . agitator made of • 5 

titanium. 

8. A method of preparing 2H-tetrazolium chlorides and 2H-tetrazolium chlorides 
hydrochlorides substantially as herein described in any of the foregoing Examples. 

9. 2H-tetrazolium chlorides and 2H-tetrazolium chlorides hydrochlorides when 

10 prepared by the method claimed in any of claims 1 to 8. 10 

MARKS & CLERK, 
Chartered Patent Agents, 
57—60 Lincolns Inn Fields, 

London, WC2A 3LS, 
Agents for the applicant(s). 
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